Introduction
The past decade has seen a wide application of the measurement of radioactively labelled organic substrate uptake by aquatic microorganisms, as reviewed in refs. 1-3. When determined over a range of near natural substrate concentrations, mathematical treatment of the uptake fractions for the various concentrations yields a maximum velocity of uptake termed heterotrophic potential, or Vmax [4, 5] , which is attributed nearly exclusively to the heterotrophic bacterial populations [1] [2] [3] [4] [5] . Correction for respiration can be made [6] to give a more quantitative estimation. Vmax values have been used relatively to establish the trophic status of a series of lakes [7, 8] , and absolutely in studies of nutrient cycling in aquatic ecosystems [e.g. [9] [10] [11] and indexing specific activity of heterotrophic bacteria in natural waters [ 12] . All these studies have employed dark incubation of the water samples, plus labelled substrate, for a period of time inversely proportional to the degree of eutrophication.
It has been recently reported, however, that dark incubation results in an underestimation of heterotrophic potential, as this measures only the chemoheterotrophic component of total heterotrophy, the difference being accounted for by photoheterotrophy, i.e. the light-mediated uptake of organic compounds by photosynthetic organisms [13] . This paper presents results from a series of experiments employing postincubation size fractionations of surface water samples incubated in situ in both light and dark bottles. By this technique, the respective contributions from both the autotrophic and heterotrophic populations, in explaining the light-dark discrepancy of substrate uptake at near natural concentrations, may be examined.
Materials and Methods
Water samples were collected at midday with a Ruttner sampler, passed through a 56/am mesh and aliquots added to either 100 ml Winkler bottles, 50 ml wide neck Duran bottles, or 16.5 ml Hungate tubes, to which had been added suitable microlltre amounts (Finnpipette) of high specific activity D-[U-14C] glucose (304-316 mCi/mmole, Amersham Buchler, Braunschweig, made up to 1/aCi/ml) to give final concentrations ranging from 1.15-12.8 /lg/1. For Vmax determinations, duplicates plus formalin-killed controls were used for each of four substrate concentrations. Incubations were made in situ in parallel series of light (clear glass) and dark (brown glass covered completely with black rubber) bottles for 1 h at the depth from which the sample was taken. Uptake was terminated by addition of formalin. For incubation time studies, two 10-ml aliquots were removed at selected time intervals from light and dark 100-ml Winkler bottles and added to vials containing 0.1 ml formalin. Blanks were taken at time = 0, i.e. upon addition of substrate and mixing. Filtrations were made through a tandem arrangement of Sartorius membrane filter holders, with a syringe and needle used to gently draw the sample (10 ml) through the upper Nucleopore filter, followed by two 5-ml washes with 0.2/~m filtered water. After removal of the upper apparatus, two further 5-ml washes were made of the bottom 0.2-/am Sartorius membrane filter. Nucleopore filters (3.0 pm) were used in the experiments reported here to effect a separation compromising between maximum retention of phytoplankton (autotrophs) and maximum passage of bacteria (heterotrophs) [14] [15] [16] [17] [18] [19] . On some occasions, a portion of the water sample was passed through a 3.0-pm filter prior to incubation, and subsequently filtered onto only a 0.2-pro filter. Repeated checks on 3.0-~m filters showed no appreciable uptake in this larger fraction by the pre-f'fltrate.
Filters were air-dried and counted for 20 min in 10-ml Zinsser Quickzsint® 454 with a Betaszint 5000/300 (Berthold and Frieseke) liquid scintillation counter. Quenching was negligible. Calculations of the kinetic parameters of Vmax, K t + S n (transport constant + natural organic substrate concentration) and T t (turnover time) were made according to [5] . All Vmax data presented here were calculated from duplicates at four substrate concentrations, with two exceptions of only three, with correlation coefficients significant at P < 0.01 for plots of C/lt/c versus added [14C]glucose concentrations.
Results

Post-incubation filtration
In situ incubations of surface water samples showed a much higher uptake of [14C]glucose in clear glass ("light") than in completely darkened ("dark") bottles, increasing in magnitude both over a range of added glucose and with incubation time. Light uptake was 50-109% higher than dark over a range of 1.4-8.6 #g glucose/1 (Fig. 1 a) , with 98% of the total counts being taken up by the ~3.0/am fraction. In a time study, total light uptake was 78% higher at 20 min, increasing to 151% higher after 60 rain ( fig. lb) . In this experiment, in which 1.0/zm Nucleopore f'flters were used in the first step, 85.7-88.3% of the total counts were taken up by the <1.0/.tm population in the light, and 78.5-84.6% in the dark. Light uptake for this fraction was 85-165% higher than dark over the 60 rain incubation period. A further experiment with shorter time intervals (Fig. 1 c) shows the difference in uptake not to occur until after the first 10 rain or so of incubation, with 76.7-84.8% of total uptake associated with the <3.0 ~n fraction. Modified Lineweaver-Burk plots (C/lt/c versus added glucose concentrations) for other data from the first two samples above are shown in Fig. 2 . Vma x calculated from total light uptake in the Grosser P16ner See (triangles) was 65% higher than that from dark uptake (recall that 98% of total uptake was in the <3.0/am fraction) and 189% higher for the Pluss-see sample (circles), with Kt + Sn values in close agreement in each case ( Table 1) . Calculation of the kinetic parameters based on counts from <3.0 /~m fractions for the latter sample gives essentially the 
Pre-incubation filtration
The difference in light and dark uptake by <3.0 /am populations, measured either from pre-, or post-, incubation filtrations, is shown in Fig. 3 . A timestudy plot (Fig. 3a) shows that the highest, and most linear, uptake was by the normal light-incubated sample, with the two dark samples much lower and more similar in uptake, and the pre-filtered sample incubated in the light somewhat higher than these latter two. In the post-incubation filtered sample, 76-78% of total uptake was found in the <3.0/am fraction.
The difference between the two treatments is illustrated more sharply in Fig. 3b . Here, light uptake, expressed as per cent higher than dark, steadily increases throughout the incubation period for the normal water sample (similar to Fig. lb) , whereas in the pre-filtrate there was only a small initial increase up to 30 min, with a leveling off afterwards. The loss in uptake due to the pre-filtration step was strikingly different for the two incubations (Fig. 3c) : a more or less constant loss of ca. 40% in the light bottles, and a decreasing loss with time in the dark bottles until after 60 rain, the uptake is the same in both samples (also shown in Fig. 3a) .
In a later experiment of a similar nature, Vmax determinations were made on both a post-incubation filtered water sample and a 3.0/.an pre-filtrate. In the former case, ca. 90% of total uptake was found in the <3.0/~m fraction for both light and dark incubations, and this was reflected by Vmax values (Table 1 , Exp. III): Vmax in the light-incubated sample was 78.7% higher (from total counts) than for the dark sample, while in both cases, on the basis of counts from <3.0 /~m (post-filtered) fractions, Vmax values of ca. 90% of those calculated from total counts were obtained. In agreement with the results from Fig. 3c , the Vmax of the light-incubated pre-filtrate was very similar to that for the normal water sample incubated in the dark, with a decrease due to the pre-filtration of 47%. However, the dark-incubated pre-filtrate had a very much lower Vmax than would have been expected from the data presented thus far.
Discussion
The experimental results presented here confirm the observations of increased uptake of a radioactively labelled organic substrate at near natural concentrations with light, versus dark, incubation as described by McKinley [13] . This has also been reported for amino acids in sea water [20] and acetate in a eutrophic lake, with a predominance of Thiopedia sp. [21] , although in the latter case the light uptake did not exhibit Michaelis-Menten kinetics with the substrate range used. The present study employed post-incubation filtration through 3.0 ~ma Nucleopore filters to achieve an optimum separation between autotrophic and heterotrophic populations. The bulk of the [14C]glucose uptake (76-98%) was associated with the<3.0 grn fractions, consistent with many other published findings [14-19, 22, 23] . This suggests that the light-dark discrepancy is better explained by a dark loss of heterotrophic bacterial uptake, rather than light-mediated phytoplankton uptake [13] , considering also the very low substrate concentrations used. While the data here have not been corrected for respiratory losses, routine measurements were made throughout the course of the study for 14COz evolution. Respiration values were less than 20%, with only slightly higher percentages in the dark bottles, not enough to explain the large differences in total uptake (M.J. Spencer, unpublished results).
Removal of the >3.0 ~trn population, presumably predominantly autotrophic, prior to incubation in the light changes the uptake pattern, and resultant Vma×, into one more characteristic of a normal dark-incubated sample. Thus the increased uptake with light appears to be directly related to the presence of photosynthetic activity, although not necessarily entirely due to photoheterotrophy. Several studies [24] [25] [26] have shown a great dependence of bacterial activity on the release of algal products and these have been reported to increase with light intensity [27] . It is notable that there is a lag time of 10 15 rain before this difference in uptake occurs, possibly due to the presence of sufficient amounts of algal release products.
Further information from phytoplankton and bacterial counts, autoradiography and scanning electron microscopy is essential for determining the extent of autotrophic uptake in this smaller size fraction. The increase in Kt + Sn values due to the pre-filtration step, compared to the more constant values obtained from light and dark incubations of normal water samples, suggests a qualitative difference in the state of actively metabolising bacteria due to the absence of photosynthetic activity. Whatever the exact mechanism of tlre light-dark discrepancy, the implications of the differences in heterotrophic potentials obtained from in situ incubation of surface water samples as reported here cannot be dismissed when these values are used in an absolute sense. Many authors have already pointed out discrepancies for surface water Vmax values obtained with dark incubation, with the supposition that these were under-, rather than over-, estimated [28] [29] [30] , and this would also give rise to depressed values of specific activity of bacteria from surface water samples incubated in the dark [12] .
